INTRODUCTION
To date, very little is known about the health status and parasites of South American bivalves (Lauckner 1983 , Bower et al. 1994 . This situation could be due in part to the fact that molluscan aquaculture is poorly developed on the coasts of the southwestern Atlantic. Moreover, the commercialization of bivalves is, in general, limited to the internal market. However, the increasing demand for fish products in the world, predicts a development of the aquaculture and increased exportation. These factors make it important to know the health status of the commercial bivalves of that region.
The venerid clam Pitar rostrata (Koch, 1844) is distributed in infra and circalittoral sandy beds from Rio de Janeiro in Brazil to the tip of South America (Scarabino 1977) . On the Uruguayan coast, where the fishery of this clam began 3 yr ago, the clams are harvested with trawl nets at a depth of 30 m (G. Riestra, Dirección Nacional de Recursos Acuáticos in Montevideo, Uruguay, pers. comm.). There is no information about the biology and ecology of P. rostrata, but initial studies are being conducted (G. Riestra pers. comm.). This venerid clam was reported as a potential resource in other countries, including Argentina (Lasta et al. 1998 ). The Uruguayan companies that exploit this clam are interested in exporting it as a fresh product to Europe, and it is this interest which stimulated the present parasitological survey.
Protozoan parasites of the genus Perkinsus infect a great number of molluscan species around the world. Perkinsus marinus (Mackin et al. 1950 ) is the causative agent of 'Dermo' disease in Crassostrea virginica and is responsible for significant mortalities (Lauckner 1983 (Bower et al. 1994 ).
Other species described more recently were P. olseni in the gastropod Haliotis ruber from Australia (Lester & Davis 1981) , P. atlanticus in the carpet-shell clam Ruditapes decussatus (Azevedo 1989) , P. karlssoni in Argopecten irradians (McGladdery et al. 1991) , P. qugwadi in Patinopecten yessonesis (Blackbourn et al. 1998) , P. chesapeaki (McLaughlin et al. 2000) in Mya arenaria and P. andrewsi in Macoma balthica (Coss et al. 2001) . P. karlssoni is no longer considered to be a valid species. Thus, the identity of the pathogen that caused the disease in Argopecten irradians in Atlantic Canada and eastern USA remains unknown (Goggin et al. 1996) . The possibility of synonymy between P. chesapeaki and P. andrewsi (Dungan et al. 2002) and between P. olseni and P. atlanticus based in the homology found in the nontranscribed regions of the rRNA cluster has also been postulated (Goggin 1994 , Murrell et al. 2002 . P. olseni, the first described species, has a great number of hosts including the abalones (gastropods) Haliotis ruber, H. laevigata, H. cyclobates in South Australia and the clams Ruditapes decussatus, Venerupis aurea, Tapes philippinarum in Portugal, Spain, France, and also in Japan and Korea (Bower et al. 1994 , Hamaguchi et al. 1998 ). Moreover, Perkinsus spp. can infect different families of marine bivalves around the world (Goggin & Lester 1987 ). The internal transcribed spacers (ITS-1 and ITS-2) are non-coding regions of the RNA gene cluster that are less conserved than the ribosomal RNA coding genes; this make them more suitable to distinguish among proximal species. Sequences of the ITS-1, 5.8S and ITS-2 region of the ribosomal RNA operon have been used in several studies to distinguish different species of the genus Perkinsus (Kotob et al. 1999 , Robledo et al. 1999 , Casas et al. 2002a ,b, Dungan et al. 2002 . These authors pointed out for first time the similarity among P. olseni from abalones (Haliotis ruber) from Australia, P. atlanticus from carpet-shell clam Ruditapes decussatus from Portugal and 2 other Perkinsus species, 1 from the jewel box Chama pacificus and the other from the blood cockle Anadara trapezia, both from Australia (Goggin 1994) .
MATERIALS AND METHODS

Samples. Two samplings of the clam Pitar rostrata
were made on the Uruguayan coast in September 2002. The first sample was examined by light microscopy and the second by molecular biology. The samples were subsequently examined at the Instituto de Investigaciones Marinas, Vigo, Spain.
Histopathological analysis. Only 9 clams from the first sample arrived in Spain in good enough condition for microscopic examination. The soft parts of these specimens were carefully removed from their shells and fixed in Davidson's solution (Shaw & Battle 1957) for 24 h. Oblique transverse sections, approximately 5 mm thick and including mantle, gills, gonad, digestive gland, nephridia, and foot were taken from each specimen. Tissue samples were embedded in paraffin and 5 µm sections were stained with hematoxylin and eosin. Histological sections were examined under light microscopy for the presence of parasites and pathological alterations. Histological sections of parasitized clams were deposited in the Protozoological Collection of the Museo de La Plata (MLP Nos. 018 to 020), Museo de La Plata, La Plata, Argentina, and the shells of the clams in the Malacological Collection (MLP No. 6936-1) of the same institution.
Perkinsus sp. specific diagnosis. In a second sampling, the gill tissues of 48 clams were subjected to a molecular analysis to determine specifically the presence of Perkinsus sp. parasites. Genomic DNA was extracted using DNAzol (Invitrogen) following the manufacturer's instructions. The first amplification of the ITS region of the Perkinsus sp. parasites was carried out according to Kotob et al. (1999) in a volume of 25 µl with 2.5 µl of Buffer 10X (10 mM Tris, 50 mM KCl (pH 8.3); 2.5 mM MgCl 2 ; 0.2 mM of each dNTP; 0.2 µM of each primer, 1 µl of DNA and 1.25 U of Taq polymerase. The primers used were Perk-ITS S (5'-CTTA-GAGGAAGGAGAAGTCGTAAC-3') and Perk-ITS As (5'-GCTTACTTATATGCTTAAATTCAG-3'). After amplification (1 cycle at 94°C for 4 min and 42 cycles of: 94°C for 1 min 11 s, 50°C for 1 min 22 s; and 72°C for 1 min 11 s; and a final extension step at 72°C of 10 min), a nested PCR reaction was conducted using internal primers Pk-ITS1 S (5'-TCTGCGAAAC-TAGCGGTCTT-3') and Pk-ITS2 As (5'-ACCGA-CAAGCGTGCTATGAT-3') designed from Perkinsus sp. sequences published in the GenBank. The reaction mixtures consisted in 2.5 µl of Buffer 10X resulting in 10mM of Tris, 50 mM KCl (pH 8.3); 2 mM MgCl 2 , 0.16 mM of each dNTP, 0.16 µm of each primer, 1ml of DNA and 1.25 U of Taq polymerase. The following program was used: 1 cycle at 95°C for 5 min, 35 cycles at 94°C for 1 min 30 s, 50°C for 1 min 30 s and 72°C for 1 min 30 s with a final extension for 10 min. PCR products were resolved in 1% agarose in TAE buffer gel (w/v) stained with ethidium bromide, with a standard size of 100 pb (pair bases) (Invitrogen).
Sequencing. The PCR products (from at least 3 different clam specimens) were purified by enzymatic treatment with 10 U of the enzyme Exonuclease I (Exo I) and 1 U of Shrimp Alkaline Phosphatase (SAP) (USB Corporation) for 1 h at 37°C and 15 min at 80°C and sequenced (at least 3 different clones in both upstream and downstream senses) in an ABI Prism 377 DNA sequencer (Applied Biosystems) and aligned in CLUSTALX (Thompson et al. 1997 ). The sequence obtained was compared using BLAST with those previously published (Altschul et al. 1990 ).
RESULTS
The examination of the histological sections revealed the occurrence of several potential pathogens, including bacterial, protistan, and metazoan organisms. A total of 3 protistan species were detected: 1 unidentified coccidian, Nematopsis-like organisms, and a Perkinsus sp. Rounded basophilic colonies of intracellular bacteria (Rickettsiae or Chlamydiae) were observed within the epithelial cells of the digestive gland (Fig. 1) . These organisms were found in 1 of the 9 histologically examined clams (prevalence of 11%), which presented a heavy infection (201 colonies in the histological section). The diameter of the bacterial colonies ranged from 9 to 32 µm with a mean of 17.90 µm (N = 40). There was no obvious defense response to this parasite and no hypertrophy of the infected digestive tubule cells, although those containing the larger colonies were disrupted.
Coccidia of an unidentified species were present in 7 of the 9 examined clams (prevalence of 78%). The main parasitized organ was the nephridia, where the parasite stages most frequently observed were large, mature and crescent-shaped macrogamonts, and both mature and immature meronts containing merozoites (Figs. 2 & 3) . The intensity of infection was generally moderate to high. The parasites were detected internally in hypertrophied nephridial epithelial cells and in the lumina of the nephridial tubules which, in heavy infections, were obstructed by parasites and hemocytes. In heavy infections, a few macrogamonts were also seen in the connective tissue that surrounds the intestine.
Oocysts containing 1 uninucleate vermiform sporozoite similar in morphology to Nematopsis spp. were observed mainly in the epithelial cells of the intestine (Fig. 4) . The oocysts of this gregarine protozoan were pyriform in shape and measured 21 (19 to 23) µm in length and 14 (11 to 17) µm in width (N = 30). They presented a thick hyaline wall and contained only 1 'worm-like' sporozoite (Figs. 4 & 5) . This protozoan parasite was present in 56% of the clams, with a moderate intensity of infection. Histopathological signs of host reaction were not detected even in the highest intensity observed. The trophozoites of Perkinsus sp. were observed mainly in clusters from 7 to 29 individuals (average of 15, N = 6) in the connective tissue that surrounds the intestinal tubules, as well as in the mantle and gills (Figs. 6 to 8) . These trophozoites presented the typical 'signet-ring' shape with a large eccentric vacuole that displaces the nucleus to the periphery of the cell, and measured 18.56 (10 to 31) µm in diameter (N = 45) (Fig. 6) . Often the clusters of trophozoites were encapsulated or embedded in amorphous eosinophilic material and tissue debris, forming cyst-like structures (Fig. 7) . This protozoan parasite induced a strong host response, with an infiltration of numerous hemocytes into the surrounding tissue (Fig. 8) .
In one clam, an encysted metacercaria (Trematoda: Digenea) was found in the connective tissue of the mantle (prevalence of 11%). This metazoan parasite, measuring 150 µm in diameter, presented a strong spinose tegument. A slight hemocytic response was observed (Fig. 9 ).
In the second sampling of clams, a PCR product of the expected size (826 pb) for the ITS-5.8S region of Perkinsus sp. appeared in 13 of the 48 clams examined. Furthermore, a band of about 1500 pb was observed corresponding to the host clam; this was confirmed by sequencing. A nested PCR was designed and gave an expected product of 673 pb. Several of these PCR products were sequenced and submitted to BLAST. The highest similarity score corresponded to Perkinsus olseni with a 99% identity (1204 score). The GenBank accession number is AY435092.
Examination by light microscopy showed the prevalence of Perkinsus olseni infection to be 22% whereas PCR analysis gave a result of 27%.
DISCUSSION
This study characterises parasites from the venenid clam Pitar rostrata for the first time. Only Nematopsis sp. and Perkinsus sp. parasites had previously been reported from bivalves in the southwest Atlantic Ocean (Lauckner 1983) . Perkinsus marinus was reported from Crassostrea virginica in Brazil (Bower et al. 1994 ).
Figs. 6 to 9. Pitar rostrata. Histological sections (H&E stain). Fig. 6 . A cluster formed by several 'signet-ring'-shaped trophozoites (t) of Perkinsus olseni, scale bar = 20 µm. Fig. 7 . Cystlike structure formed in response to the presence of trophozoites (t) of Perkinsus olseni, scale bar = 50 µm. Fig. 8 . Strong hemocytic infiltration response in the connective tissue that surrounds the intestine (i) caused by the presence of trophozoites of Perkinsus olseni (arrow), scale bar = 1 mm. Fig. 9 . Digenetic metacercariae encysted in the connective tissue of the mantle; see tegumental spines (arrow head) and metacercarial cyst (arrow), scale bar = 500 µm Protozoan parasites of the genus Perkinsus infect a great number of molluscan species, specially bivalves, in several parts of the world; they are responsible for many massive mortalities (Lauckner 1983) . In Pitar rostrata, the sequencing of the ITS1-5.8S-ITS2 determined that this sequence belongs to Perkinsus olseni. The prevalence of P. olseni in P. rostrata seems to be high, since it was found in 22% of the clams from natural beds by light microscopy, and in 27% when the PCR test was employed. This is the first report of P. olseni from South America and the first report of this protozoan genus in the clam P. rostrata.
Rickettsia-like and Chlamydia-like organisms are globally distributed and are parasitic of a wide variety of bivalves (Bower et al. 1994) . Frequently, these infections appear to evoke little host response or pathological effect, although some infections may cause clinical diseases, and have been associated with high mortalities (Buchanan 1978 , Elston 1986 , Villalba 1999 . Colonies are mostly found inside the cytoplasm of the digestive tubule epithelial cells without signs of host response, as was observed in Pitar rostrata.
Gregarines of the genus Nematopsis utilize marine bivalves, including venerid clams, as normal intermediate hosts (Lauckner 1983) . Although each species may have a confined distribution, they are probably ubiquitous; gregarines are found in the connective tissue of most organs, although they are more frequently observed in gills (Bower et al. 1994 ). The present case, oocysts parasitizing mainly the intestinal epithelium of Pitar rostrata, is not common.
Unidentified species of Coccidia have been reported in the nephridial tubules of mussels, oysters, scallops, and several clams, including venerids such as Tapes spp. and Protothaca staminea. Their geographical distribution includes the west coast of the United States and Canada, France, the Mediterranean Sea and Scotland (Bower et al. 1994 ). The present is the first record from South America. The infected nephridial epithelial cells become hypertrophied and kidney tubules fill with coccidia. Heavy infections may cause serious nephridia damage and the parasite can spread to other organs (Morado 1984) , as was found in the present study.
Regarding the metacercaria which we found, it should be noted that larval trematodes are the main metazoan parasites of bivalves, although they generally have little or no negative effect on their host (Lauckner 1983 , Bower et al. 1994 .
